ABSTRACT. Terminalia chebula Retz. (Aralu inSinhala
INTRODUCTION
Terminalia chebula Retz. (Aralu in Sinhala) is a perennial medicinal plant belonging to the family Combretaceae. Various parts of the plant have vital medicinal properties and are used extensively in indigenous and ayurvedic medicinal systems. It is relatively rare in Sri Lanka when compared to other Terminalia species (Ayurveda Department, 2002) .
Due to the vital medicinal properties, it is listed in 50 extensively used medicinal plant species in Sri Lanka (Handa et al., 2006) . Further, there are no agronomic and ecological research conducted on this plant, although there are several research on its medicinal value (Ayurveda Department, 2002) . Thus, the objective of this study was to identify T. chebula populations in Sri Lanka and their morphological characterization.
MATERIALS AND METHODS

Research locations/sites
Locations of T. chebula plants/populations were identified using literature (Philcox, 1997) , and information given by the officials of the Departments of Forest, Wildlife Conservation and Indigenous Medicine, and the general public. Thereafter, the sites for sampling were determined based on distribution of populations in different agro-ecological regions and their relative importance. Sampled sites/trees were classified as natural and planted based on the characters of their locations and populations.
Sampling procedure
In natural populations, 10-30 trees were sampled. In order to identify the variations within and between populations, a tree cluster of 5-6 trees were selected within a population. A distance of at least 1 km was maintained between clusters. The identified characters in all sampled individuals were observed and recorded, and samples of other plant parts were collected. All trees from cultivated sites were observed for morphological characters and sampled. From each sampled tree, 25 leaves, 5-25 flowers and 5-25 fruits were taken for the analysis of morphological characters. The secondary data with respect to each agroecological region on Rainfall pattern, RH, temperature and soil type were extracted from published reports (Punyawardena, 2008) .
Variables used for morphological characterization
Seven tree characters, 3 bark characters, 16 leaf characters, 5 flower characters, 10 fruit characters and 8 environmental parameters were measured (parametric variables) or scored (non-parametric variables) to analyze the morphological variation of the sample. The morphological data and environmental parameters assessed during the study were identified, measured and recorded as proposed by the IBPGR (1980).
Data analysis
The data were subjected to Principal Component Analysis (PCA) and those PCAs with eigen values greater than 1.00 were selected. Cluster Analysis was used to identify groups of objects that are similar (Sneath and Sokal, 1973) . The dendrogam was obtained by hierarchical clustering of the first three principal components using the Ward Linkage Method (Ward, 1963) . Environmental factors and climatic data were also correlated with morphological parameters to explain the final dendrogram obtained from Cluster Analysis. Data analysis was conducted using SAS Statistical Software (SAS, 2004) .
RESULTS AND DISCUSSION
Ecological distribution of Terminalia chebula in Sri Lanka
Terminalia chebula trees are naturally distributed only in the intermediate zone of Sri Lanka. However, planted trees were observed in all agro-ecological zones. The locations of sampled and non-sampled natural populations as well as planted trees of T. chebula, their agroecological regions and related site information are presented in Table 1 .
Based on the pattern of distribution, it is clear that environmental conditions of the Intermediate zone of Sri Lanka are mainly suitable for growth and natural reproduction of T. chebula plants. Plants can thrive in other areas however, only with human influence on seed germination/propagation. Natural regeneration was not observed under any of the planted trees although, natural regeneration was observed in natural T. chebula populations. *Source for non-sampled locations (Jayaweera, 1980) ; Officers of Departments of Forest, Wildlife Conservation and Indigenous Medicine.
Morphological variation of Terminalia chebula
Variations were observed in stem/trunk characters, leaf characters and fruit characters of T. chebula. In contrast, there were no observable variations in flower characters. The withintree variation for fruit characters was not significant (p>0.01), while the between-trees variation was significant (p<0.01) for fruit characters such as fruit shape and fruit size. Both between-and within-tree variations were significant (p<0.01) in terms of leaf characters.
Principal component analysis
The first three Principal components (PC) obtained using all studied morphological characters explained 87.8% of the accumulated variation of T. chebula populations, which is sufficient to represent the overall variation of the total population. Eigen vector indicated that leaf area is the key variable for PC 1, chlorophyll, fruit diameter and longitudinal section of the fruit are the major contributors to PC 2 while the leaf perimeter and DBH were the key contributors to PC 3.
Hierarchical clustering with principal components
The dendrogam obtained by hierarchical clustering of the first three principal components showed four distinct groups at a linkage distance of 1.26 (Fig1) in the population, ignoring two outliers. Leaf area was the most significant contributor to first principal component and clustering was primarily based on leaf characters of the plant. A greater contribution of fruit characters namely, fruit diameter and the longitudinal section of fruit, to the PC suggests a relationship between clusters and fruit characters. This phenomenon indicated that it is possible to group the T. chebula trees according to their fruit shapes. Unique characters of each cluster are given in Table 2 . 
Implications on conservation and use of the species
Terminalia chebula plants are more frequently found in the Nilgala and Dambana forest reserves compared to the other locations. These natural habitats are important for in-situ conservation of the species.
Being an economically important species, commercial cultivation of T. chebula could be promoted ex-situ as a conservation strategy. Further, commercial cultivation of the species would reduce the threat on natural populations due to collection of seeds and its impacts on natural regeneration. Four clusters identified during the study through morphological characterization are useful to streamline the medicinal usage of the plant or its parts and their chemical characterization.
CONCLUSIONS
Terminalia chebula trees are naturally distributed only in the Intermediate zone of Sri Lanka although, planted trees can be seen in all agro-ecological zones. The populations of T. chebula in Sri Lanka can be clustered into four groups based on their morphological characters. About 80% of the Nilgala population is grouped into one cluster suggesting a relationship between environmental parameters and the species. The within-tree variability for fruit characteristics was not significant (p>0.01) while the between-tree fruit characters showed a significant variation (p<0.01).
